α-diazo-β-ketoesters as a key step. Dirhodium (II) tetrakis[N-phthaloyl-(S)-tert-leucinate], Rh 2 (S-PTTL) 4 , proved to be the catalyst of choice for this process, providing enantioselectivities of up to 72% ee.
3-Arylindan-1-ones (1) are versatile intermediates in the synthesis of a number of important pharmaceuticals, * such as the antidepressant indatraline, 1 the antipsychotic drug tefludazine, 2 the muscarinic receptor antagonist tolterodine, 3 and the endothelin receptor antagonists SB-209670 and † Dedicated to Professor Steven M. Weinreb on the occasion of his 65th birthday. SB-217242. 4 Because of their importance, several strategies have been developed to achieve the asymmetric synthesis of 1, including a net stereospecific 1,3-hydrogen transfer of chiral 3-arylinden-1-ols, prepared by the methyloxazaborolidine (Me-CBS)-catalyzed enantioselective reduction of 3-arylindenones, 3,4a Nazarov-type ring closure of alkylidene-1,3-carbonyl compounds carrying Evans' oxazolidinone as a chiral auxiliary, 4b the enantioselective conjugate reduction of 3-arylinden-1-ones using baker's yeast, 5 the Friedel-Crafts cyclization of a chiral 3,3-diarylpropionic acid, prepared by an enantioselective intermolecular C-H insertion reaction with a chiral dirhodium(II) catalyst, 1d and the enantioselective hydroacylation of 2-(1-arylvinyl)-benzaldehydes catalyzed by a chiral cationic rhodium(I) complex. 6 In recent years, we have been engaged in the enantioselective construction of five-membered carbocycles via a C-H insertion process, 7 catalyzed by chiral dirhodium(II) complexes, which incorporate
N-phthaloyl-and N-benzene-fused-phthaloyl-(S)-amino acids as the bridging ligands. These catalysts mediate intramolecular C-H insertion reactions of a structurally diverse array of α-diazocarbonyl
compounds to give optically active cyclopentane, 8 cyclopentanone, 9 2-indanone 10 and 1,1'-spirobi [indan-3,3'-dione] 11 derivatives with a maximum of 95%, 80%, 98%, and 80% ee's, respectively. In a continuation of our work in this field, we wish to report a new method for the catalytic enantioselective synthesis of 3-arylindan-1-ones, based on an intramolecular C-H insertion process.
In our initial studies, we explored the intramolecular C-H insertion reaction of methyl 12 in the presence of pulverized 4Å molecular sieves (MS). 13 The reaction in toluene at 0 °C proceeded smoothly to completion within 1 h, giving cyclic β-ketoester (4a) in 98% yield as an 85:15 equilibrium mixture of the keto and enol forms (Table 1 , Entry 1). After the demethoxycarbonylation of 4a to 3-phenylindan-1-one (1a), the magnitude of enantioselection at the insertion site (C-3) was determined to be 64% ee by HPLC (Daicel Chiralpak AS). . A survey of solvents revealed that toluene was the optimal solvent for this transformation in terms of both product yield and enantioselectivity (Entries 1 vs 2 and 3). Using toluene as the solvent, we next evaluated the performance of some other chiral dirhodium(II) carboxylate catalysts, Rh 2 (S-PTA) 4 (2b), Rh 2 (S-PTPA) 4 (2c), and Rh 2 (S-PTV) 4 (2d), derived from N-phthaloyl-(S)-alanine, -phenylalanine, and -valine, respectively. Although a uniform sense of asymmetric induction was observed in all cases, these catalysts resulted in much lower enantioselectivities than Rh 2 (S-PTTL) 4 (Entries 4-6). Somewhat disappointingly, switching the catalyst to Rh 2 (S-BPTTL) 4 (2e) 15 characterized by an extension of the phthalimido wall with one additional benzene ring had no beneficial effect in this system, and the same enantioselectivity as Rh 2 (S-PTTL) 4 was found (64% ee, Entry 7). Thus we were gratified to find that enantioselectivity with Rh 2 (S-PTTL) 4 was enhanced up to 70% ee by lowering the temperature of the reaction to -15 °C without significant loss in product yield (Entry 8), whereas catalysis with Rh 2 (S-BPTTL) 4 under the same condition resulted in 66% ee with a substantial decrease in product yield (Entry 9). Although a further enhancement of up to 72% ee was possible at a temperature -23 °C, -15 °C was found to be the temperature limit in terms of both reaction rate and product yield (Entry 10). 16 Having identified the effectiveness of the combination of Rh 2 (S-PTTL) 4 as the catalyst and toluene as the solvent, we then applied this protocol to the enantioselective synthesis of a key intermediate (1b) for pharmaceutically interesting compounds (Scheme 1). 17 The Cu(I)-catalyzed cross-coupling reaction of the arylmagnesium compound, prepared from 5 via an iodine-magnesium exchange, with piperonyl bromide in the presence of CuCN and LiCl afforded the benzhydryl derivative (6) in 64% yield. 18 Saponification of 6 and subsequent conversion to the acid chloride were followed by condensation with methyl lithioacetate to furnish the β-ketoester (7) in 84% overall yield, which, upon diazo transfer with methanesulfonyl azide, gave the α-diazo-β-ketoester (3b) in 95% yield. 19 The intramolecular C-H insertion reaction of 3b using 1 mol % of Rh 2 (R-PTTL) 4 at -15 °C proceeded uneventfully to afford the desired cyclic β-ketoester (4b) in 88% yield. Removal of the methoxycarbonyl group from 4b gave 20 The enantiomeric purity of 1b was determined to be 63% ee by HPLC (Daicel Chiralpak AS).
In summary, the Rh 2 (S-PTTL) 4 -catalyzed intramolecular C-H insertion reaction of α-diazo-β-ketoesters shows considerable promise for the enantioselective synthesis of 3-arylindan-1-ones. Further evaluation of the scope of these intramolecular C-H insertion reactions is currently in progress. cm) from Daicel were used. Retention times (t R ) and peak ratio were determined with Shimadzu C-R8A chromatopac integrator or JASCO-Borwin analysis system.
All non-aqueous reactions were carried out in flame-dried glassware under argon atmosphere.
α-Phenyl-o-toluic acid was purchased from Aldrich, Inc. Reagents and solvents were purified by standard means. Dehydrated THF, CH 2 Cl 2 and toluene were purchased from Kanto Chemical Co., Inc.
Methanesulfonyl azide was prepared according to the procedure of Danheiser. 21 4Å MS was used after pulverized and dried (150 °C, 1 mmHg, 12 h).
Methyl 3-(2-benzylphenyl)-2-diazo-3-oxopropanoate (3a)
. Thionyl chloride (2.8 mL, 37.7 mmol) was added to a solution of α-phenyl-o-toluic acid (4.0 g, 18.8 mmol) in CHCl 3 (60 mL). The mixture was refluxed for 4 h and evaporated in vacuo. The residue was dissolved in toluene (20 mL) and evaporated in vacuo. n-BuLi in n-hexane (1.59 M, 26.1 mL, 41.5 mmol) was added to a solution of i Pr 2 NH (6.4 mL, 45.6 mmol) in THF (42 mL) at -78 °C. After stirring at -78 °C for 30 min, methyl acetate (3.3 mL, 41.5 mmol) was added dropwise over 10 min. After stirring at -78 °C for 1 h, a solution of crude acid chloride in THF (19 mL) was added to the mixture via cannula. After stirring at -78 °C for 30 min, the mixture was allowed to warm to room temperature over 1 h. The reaction mixture was poured into 5% aqueous HCl (40 mL) at 0°C. The whole mixture was extracted with EtOAc (2 × 80 mL), and the combined organic layers were washed successively with water (50 mL) and brine (2 × 50 mL), and dried over anhydrous Na 2 SO 4 . Filtration and evaporation in vacuo furnished the crude product (5.4 g), which was purified by column chromatography (silica gel 150 g, 10:1 hexane/EtOAc) to afford methyl To a solution of methyl 3-(2-benzylphenyl)-3-oxopropanoate (2.0 g, 7.45 mmol) and triethylamine (2.1 mL, 14.9 mmol) in MeCN (25 mL) at 0 °C was added methanesulfonyl azide (994 mg, 8.21 mmol) . After stirring at room temperature for 1 h, water (15 mL) was poured into the orange-colored reaction mixture.
The whole mixture was extracted with EtOAc (2 × 30 mL), and the combined organic layers were washed successively with 5% aqueous NaOH (20 mL), water (20 mL) and brine (2 × 20 mL), and dried over anhydrous Na 2 SO 4 . Filtration and evaporation in vacuo furnished the crude product (2.5 g), which was purified by column chromatography (silica gel 50 g, 10:1 hexane/EtOAc) to afford 3a (2.10 g, 96%) as a yellow solid; R f 0. 
Representative procedure for the enantioselective intramolecular C-H insertion reaction (Table 1, Entry 8): (3R)-Methyl 3-phenylindan-1-one-2-carboxylate (4a).
Rh 2 (S-PTTL) 4 (2.85 mg, 0.0020 mmol) was added to a solution of 3a (58.9 mg, 0.2 mmol) and pulverized 4Å MS (58.9 mg) in toluene (2.0 mL) at -15 °C. After stirring at -15 °C for 3 h, the whole mixture was filtrated through a Celite pad.
The filter cake was rinsed with EtOAc (10 mL) and the combined filtrates were evaporated in vacuo. The crude product (61.0 mg) was purified by column chromatography (silica gel 8 g After cooling, the reaction was quenched with water (5 mL). The whole mixture was extracted with EtOAc (2 × 10 mL), and the combined organic layers were washed with brine (4 mL), and dried over The enantiomeric excess of 4-phenylchroman-2-one was determined to be 64% by HPLC with a Chiralcel OD-H column (19:1 hexane/2-propanol, flow rate = 1.0 mL/min): t R (minor) = 14.6 min for (S)-enantiomer; t R (major) = 16.8 min for (R)-enantiomer.
Determination of absolute configuration of 1a: (R)-4-phenylchroman-2-one from (R)-3-phenylindan-1-one (1a

Methyl 2-piperonylbenzoate (6).
The benzhydryl derivative (6) was prepared according to the protocol reported by Knochel. 18 A Grignard reagent was prepared from 2-bromopropane (2.2 mL, 22.9 mmol) and magnesium (557 mg, 22.9 mmol) in THF (16 mL THF (10 mL) was added to the mixture at -20 °C via cannula. After stirring at -20 °C for 2.5 h, the reaction mixture was poured into saturated aqueous NH 4 Cl (18 mL) and 25% aqueous NH 3 (2.0 mL) at 0 °C. The whole mixture was extracted with CH 2 Cl 2 (2 × 70 mL), and the combined organic layers were washed successively with water (2 × 50 mL) and brine (2 × 50 mL), and dried over anhydrous Na 2 SO 4 .
Filtration and evaporation in vacuo furnished the crude product (4.50 g), which was purified by column chromatography (silica gel 100 g, toluene) to afford 6 (3.31 g, 64%) as a colorless oil; R f 0. 2H, ArH), 6.72 (d, J = 7.9 Hz, 1H, ArH), 2H, ArH), 7.43 (dt, J = 1.7, 7.6 Hz, 1H, ArH), 7.89 (dd, J = 1.7, 7.6 , 4.17; N, 8.28. Found: C, 63.95; H, 4.14; N, 8.39 . 
Enantioselective intramolecular C-H insertion reaction: (S)-
